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(S4) mmo^mj 



(57) [m^] 

9 0 0 X)&.T(0m!m.-VWi^O I G^«*^-r5. 

I Gtg:t©mi I G■i?i-^^^ff-S, C©IG'^*--'^ 

fcwnmm i^fcmkoi^ >; =i > -i; :c ->'^*^s*> ^ a o 

0 ~ 9 0 0 -C^ f 1 0 -C/^jyiCD^igMK-C^iffijn^ 

0. 5-3 0:S-r^^-r^. I GMSffi-r*.5. -(> 

U^CC^^N--7xi7 h^:^ [P] *ie.^c.-5cfc^«:?|Jilf> 

1 0'~1 X 1 0^°mXcm'-^ts-^>:dy F^:^?a~6 
5 O'C^SSTO-SBSF^fi^L-. H(C7 0 0~8 0 0 
•C©Sfi[r3~l Ol^m^Lfc^. SSSrf^^T 
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0 ~ 9 0 0 -c* t? 1 0 'cy^!iJi±<omsM&v^M)jam 

L/, 0. 5~3 O:0ia^rSi";3>'>*-/>CDI G 

[p] <t-rsi#. mriej^y3>#iS^-/>=fy h^i^ 

[p] d^e^c-si^Kifiiif, *i-p?i±tf 6n/cB!iS-Y 
h^sza~6 5 o-c©jagro-3Btr^«j#L.. 

MtCT 0 0~8 0 0*CCDSS-C3~1 omf^^hfc 

I Gmmm. 

[ 2 ] n^m 1 iBig© I GKias*' efp 

1 G-^x-zA-C^or. 

MSS*fm®©?fM$n^5:^,^Ji*^'^'3l-7^^M*i6 1~1 

0 0 Mm©ai3K*3A:-5r?^^Sn. Sti^ J: 9 SIC^SS 
:S-K:1 X 1 0'~1 X 1 0"<l/cm'<DK^*rlfJ!^*W 

[ if ^ 3 ] y 3 >#i^B^ > =f h rt-c^?L^^5 
aL!5:t,^/^•-:7*i' HMIS^ [P] if -5 it, i";^ 

iyW(&f}^h±xommiimtz/-^--7 x.^ vrnm [p] *^ 

feS^€:#t5>i(,^K^*Taj!a^ 1 X 1 0'~ 1 X 1 0 
"M/c m'^tf C i i-r •& I G -j? * -z^ffl'> 

[0 00 n . 

[^ia©S-riS*B^»] *%IBtt. DRAM^©LS 

1 ^micmti)'^ >; a > -i; X -/^ %f#^fc*CC, 

{intrinsic qetterinck IGiC^^. ) UkMif 

=l>■Jrx-/^^^9 0 o*cJ!^T©{gia-c I Gftia-r.5:&ft 

[0002] , 

c^r D R A u^<o^mw^K>-mmmitifim^^ 

y 3 X -y%fc^(,ir J; 0 — Ji©iSD^§ft*i^SS 
nri^s. c<DgM«:ic;^^fc*©io(D:^;aiur. 

I G5!iSa*5^,5. CCDteSatii^y ='>'^x->'NCDF^ 



x-zN«M®a#M«fcii^Ri^?^S6*s^rs©*i»<? 

7=z<'r;^Xg«:*si:f 1 0 0 0 'CUT<D& 

^«::tet,^r 4,ffis^fc*^< 

[0003] COtcib. *aiMA6». ->y a^^iSB^ 

h*>6^fflstifc, wBiweoitii:a©'>y =« 

>■^;x-/^*5 0 0~8 0 0-C-CO. 5~2 0^r^«Jt 
LT'^x-^'NF^tcK^^ffffl^^^A-r^Xgi. C©K 
10 3RWffl^*#tr2^y3>'>x-/%;£MS35>68 0 0~ 1 
0 0 o-c*r-mj^tti^L/ro. 5~2 0:9-ra^f5X 
gi, ^jijniSLro. 5'-2o^mm^btc^^v^> 
■5x-y^<£M^cMfia^-t'^S(^&■r^xgi, &<^L/ifc>'y 

3>'5x--'N*500~700'C*i'E.2~l O'C/^© 

mS.X-8 0 0~1 1 0 0'Ct-cmmL^(OWL&-C2~-4 
8^ra^-rSXgi«r^tf I GSJBgffiKot^rtHgb 
fc (#Ba^8-45 9 45) . 

[0004] c©MasT(3:, iffija^ff-cmsiraiSi 

(cii^fcsbitc. ■i'x-/NSlo-cw=K^pai^y 3>MiF^© 

rtSStcffitfe LitBib^. *S-?S-> y :3 >/l^^©^^t«ll{c 
* -3 fc-i; X -/^^®f>fJfi{i«^rai' y =j >M-?-©^-c 

d^L, ■i7x--'^^M■C^Lft:^TPH1->y a^MTdS-f? 

X - --Nrt gSK i -cmnt .5 (c tt* ^.gs©B#ra S 

30 fteb. '>x->'%«S*>^l^aJK:gil<A-5«i'ffiSRWfflM 

i5lHiiK^a^©Sgttffi<. *ft:C©l^j!!iffiB#H 
(0. S-ZO^) *JStMii*K3J*Tai^. fiP^XRS© 
^^^ti^ct^e (iJ(T, DZJlil^^. ) 
<rj:i>. $>t8 0 0~ 1 0 0 0*C©®ffl-CSJg*$m>{2 
i'. «^^P^->y=i:^ll^^©K:tSj<^|go&s;*;tf<. ^NfP^-c 

fc^-c8oo~i 1 oo-cfcnzmm-ri,t. 

40 3RWto!ai D , I GSSi ^i:^. 

[0005] 

l/)tii[f^©->y ^>•?x-z^^5 0 0~8 0 O'CfO. 

5-20 mm^i^LX'^x -/^rtm^tB«?r*A•^- 

SXS^i^vgiL., M«c,mii»Dl^.*ff ofcfg-Ox->'v 

50 X -z^©t«iS■e©^^^!Hl@lK*^i^>^c < r^*. 900 



C3) 

3 

'c&.T<omfm-cmmQ> i Gjai&«r#i-r«) i am^* 
•cfF6>nfc I G«e;^)©m^ i G■?x--'^^s^•rsci 

[0006] 

ii[^itD->'J=I>•i?x->'^4mS*^6 8 0 0~9 0 0*CS 10 

•cio'c/f^in±<o^mMmx^Mmmo. o. 5~3 

0^ra«J^-r'5.->U3>'i;x-/>© I GMS^-e^o 
r . -r > :J h F«ir^aMj^RI©Jl^tt:R.Of^^T^ > 

=i>^*'6ifer©M«*J«:©>'-f-7a;i' [P] 

SS~6 5 0'C©Sg-C0~3B#r^^L-. M^CTOO 

^^-rsci^mi-r^s I GM®ffif&-2.. -Y^^f? 20 

Ci^tfai!^*s 1 X 1 0'~1 X 1 0»'ll/cm'©Se[ 
•C*fi£S4T-5. C©fcse>. fiete©■;7xw^f*gK:MlS#fHl 

^©■>x-/%*±i^fl^-C^m-r^ci{cJ:i3. IS 

C> I GS)!f:S*#-r^.. 

[000 7] gt*:S2 {c^s^i^tt. f»*]S 1 lelg© i 
G*!iffiS*'6fP6*afci G'?*->'>-r?a&o-r. KfgWW 30 
^©?^fiS3n;5:t,^Jl (DZJl) *S'i7i-/N^s*>6 1 — 

1 0 0 <xm©a?$K:*Dfcorj|5gS$n, C©DZ®J:D 

m^a5^©M^«ffcB!^se*s 1 X 1 o'~i X 1 o"ffl 

/cm'-C*SCi€r#ffiir5 I G•>i-/^■C*S. 

if:^:^l k:^S:^-c I G^!^ffll^fc'?i->'^». ±a!^ 

tt^wu. I G5a:^*#-r^. 

[000 8] 

[^Ha©*ife©j^^] *^B§©i^';=i>'i'x-''^». c 

V Y^^Uly^V (Voronkov) ©Sa&K:Sr5t»fc0f^© 40 
? I±lf r -f ;l'-C? I J:tf fc^, C © > =i- h 

i»d«ibr, .=^,^»JRS (point defect) t!^.Xm<OWmW 
(agglomerates : H^^TC^^ifS) ifi^-th. i^^RSlJ^ 

y n >*SB^^-CiESa<>/iaS©— 3*. 6 itB4 L/fc 
©-C*S. C©<t:5!Q:m*s^?LS^.i«aefc^c5. — so 
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Ji^*sj^y3>ig^fs^.isj!j«l-©ag ('f>5'- 
[0009] ,^APi«^K(KjtC'>y=i:^siM (sa->y 

h (@t^->y=i» ©H©SMffi-CJK 

?&aj©ia. 3^?LM,#.^^ffixiJt§TfBit'y='>M,* 
^^tiJ£tS[(cJ:D5o^K:^»Lr. ^?l^,'^j?tRg©gai 

ft (vacancy agglomerates) ^lii^ST-He^ y ^ 
RB©^^ft (interstitial agglomerates) *SJf$^$tl 

fu^^na, «ft«:(3:*:?:Rg©^jc^gaL/r^ 

OP (Crystal Originated Particle) > LSTD (Las 
er Scattering Tomograph Defects) XtiF PD (Flow 
Pattern Defects) i:.mtt\i>^?^^'^!ff. Wi-W^') 
3>^'*^RI©l^ft«LD (Interstitial-type Larg 

e Dislocation) iPf tftl-5^^*#tf. COPitt. 

mmw^'^(o-> y^i^-i^ji-^N^rT^-t-r tmmt:^ 
it. i/y3>*ftSrt{c^ilTi8«-M«i/fct*«c->y3 

FPDitJ. 'f>n--; h^Xv'fXL-C^'PMSnfci^y 
aV"?*— >'^*3 O^ra-fen (Secco) Xy'^^iffSrC 

[0010] d?ci>37©S8ltt. ii^fil©a*i3>^cl»iS 

i-mm^y (mm/'^) . * >hv->«i»-C'f>=f^' 

h - y 3 >ffi!«©SteB©ia*«3iB*G ( -C/mm ) 

i-r-SittC. V/G (mm'/^J-- 'O ^SOfflJ-rSC 
i-C*^,. C©S»-C». gl(c^-rj:5«:. V/Gtt 

s^u, •^?x-^^■r^^L/ls^^FB^^^y=l>^^©:^^*J 
v/GKiior^^n-sci^iSBjurc^s, 
b<», V/GJ:b*SEg#.-#.«_h-CW2l?lS.#,^»CRS*5^E 

■r-5-(>35; h*s?^fi£§ns. 

[0011] :*:^|g©0fS©gi±lfaS::^n 7 r -( Jl- 

e5i±if 6n.2.B#, ?as^iE«:*fr^?i±i-fas©i:b 

( V/G ) ifi^^S •> y 3 >M*i^©^»©^* 



5 

[0 0 12] c(D^\±ifm&<oy^uyT^Mt. mmm 

(c) Jicxs2:m(<^?i±tfiss (d) ^cps^nSo _hta 
ife^or4>cfc<. ^\±^fm& (b) Riy^ (d) ro^^t 

iimmm^hoi^m^ 20 

[0 0 14] m3^tty^:x\y—iy3>t^mS^tj:t^<D 30 
jB^^f»Jffllyr^$nfcl 0 0 cmOS^i2 0 Om 

[0015] ?IJitf3lg^^^^<ST5i±TV/G^3 

i^ccfiTSi^. Waf?l±tf3lK^I§^^^ciS2s6rv/G 
[p] iur-en^ti^^n^. 04tcs^-rJ:^^. >r 

Pi:^5^e<3^^ftt-em«^Stf. filLgPaSC^P*^^:*^ 
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[0 0 1 6 ] 045^:»?>?a6d^?:j:i:5^v Igi^fficDfigP 

aScfP6^'€■n-ens^JSL/c■?x--/^WxSLC^'We«, 

?£T ^> > ^O't^I:^5:C0/^•-- :7 x ^ h siJ^^^t^ . ^ /C 
^Jct&TP4 y n >a.'^J^RS c^or-r^r :7 x 157 
^c±r>'^•- :7 X i> h J: ^ tcjl^ L-C^8?>^n 

S^KDm^iTMl^y'uyr^Jl'X^JSMiLfc-Odty 
h *X ^ -< X L.rffS^nfc'? X w\WaRCfW63&^H 7 

vhkt. S 4 tc^-r {4gP a &afPs<Z)^r^>'>--:7x^ 
hffll^ [P] 35pe>^j:'Scfc5k:V/G;&^»iJ66n. S9tc 

^■rii±cf^gocj:»:)?i±tfe>n€>o c(om±ifmmii 
or«. ^E^-^o^i m^cBfgsn/cs^y =i>^iSi 
2:d>6?i_htf^©i 3T-gi±tf e>nfcvy=i>jp^s-f 

>=f«;^ h 1 4^i^^'>/^'l 6CD±:^K:^C:f e>n/c?tlftb 
1 7;cJ:DJn^$n^, :E^^o{^1 1^3:^18-50 
t^l 8«:J:0S3#$n. M^o^miElKttl Q^ctOlel 

2 1»t:-^. 2 2«^S©. 2 3«a3SS. 
2 4ti?^iP1Sr*5o ?l±tf6nfc-f>:3 h 1 4<Dil 

m(iC\^m^o:>mMm^U2 e en. b - ^ 2 1 s: 

afi/yr3>g|r«l 2iPh<OA>::iv h^<OUSmtmm 

[0 0 17] *:^?8CD5^y n>a^l 2:d^6?l±tf6n 
/c>r>=f-^ h 1 4»faMSSB«2 6Ra9&atS2 4{cJ: 

o^s-'B 5 o'CK:i^ip?n. ccD?ssro^3B#ra^<s 

^$n:rcS. «ajt-^l 7^^^:0 7 0 0-8 0 0-C-C 

3--1 o^p^^j^^n^o m^(Dm^^\±.vfhinMk. 

>r>a":? M 4«^ + >^'<l 6:^e>9i0ttl$n. MS* 
7 0 O-'S 0 0"CCD?ag®H-C3--l 0 
B$Pa-f > >^ h ^iiMMT 5 i . > 3 ^ h «:^{4^f* 
to>:cli®!^«Tffiia («T. BMD (Bulk Micro Defec 
t) it^^o ) X 1 O^-l X 1 O^^fS/cm^cZ)^ 

^r?g^$n-5>. 7 0 0 •c*sx«3 B#rBm?ffit?« 1 x 

1 0'ffl/cm^*IS©BMD!&SU:?Jp»6nT. fa©-> 
t; n > »^ X ->^^(Dt^,tir^^l^. L/C i ^ tc+:»3^cC I G 

m^i>t^&^W'z,fdsm^mmifi\ x 1 o"ffl/cm 
^'r:mmm vx^mttm r> . ^ x -/n^scc d z 
7oo--7 5 0'a O'-i. s^rarft-So 

CCDfflS&t-^^JBl.^/c^.MS^Ci:>3. ^fPi^8-4 5 
9 4 5 -^^$R«:^ S n ^ ci: «:^iiJnl^©fo x - /^ 
<D<^iST5 0 0~8 0 0*C<Dit®KKiEia'C0. 5-'2 0 
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[0018] ^mm<oMMmmo:>yomit. ^^im^^w 

V ^^KtlXfm^mi^i^'^^ 8 0 0 9 0 0 "CCDS 

^^c-S^^jri'cz^MiJS^^^^'^ioai^o Sf^L'<^^850~90 
X -7>'^^Mr'CDMm^aiJ^(^vgM3^5:^^+:S^r D Z Ji^+ 

1^1 0 0 MniCDag$&Ct>/c-:?rDZJl:05JK^$n. c 
(DDZBiD^C^SP^S'CDBMDmS^l X 1 Q'-l x 
1 O^^l/cm^tDI G»^7 3:-/^:^5P6n'5• 
[0019] 

<^sfe^i >0 9^c^-r?i±tf^si o^ffli^r. 

•or. 01K:^L/cV/G;&KV/G).tU:(V/G).« 
T<Z)Mi^^A^cfc^^C. >f>d^>y h^?IJbtf/c. ?l_htf 
6n/c^>=3';^ h 1 4 5&3T^=2 5°C^r^fiL//cft. 

±spa>i«i»fc- a? 1 7 ^ J: 0 T, = 7 0 0 -c^r^s 

^acDt^z^^ --:>*^*L/r^Me>' y :3 >^ X '-^'^^f^ 

/Co C<D^B»^:c--y^;&^^SiiS3 O^C/r^rMS^^e 

8 5 0-csr^aL. 5^PBl«}*L/cft. ms*rfife?& 
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L/C. 

[0 0 2 0] <mmm2>m&3\^-^^^^mmus^ 

T. = 8 0 0 -etc b/ciUi1-». HiS^ 1 tm^fi'X^ 

n>»:;:i:-/>:|:^CTl i ^— ^#^r ^aitJO^ L /c„ 
< 3>ffifi&t-^0cJ:€> ia«!MSa T , = 8 0 0 
•a T,tc*5t:f^^^ra*l 0^ra{cL/cJ&l51-5i. H 

b e^tts ^ ntczy y n > i <b m—^ 

10 frr,mii^inMo/cp 

<lli6«^ 4 >? e> n/c >f > rf h 4 T. = 4 5 0 -C 

$ri^SL/ca. «l!j!jt:-»CCj:€)l^*5®^ajKT, = 7 
0 0"C^O/ctii^«. mS&Ml tm-^X^>:=i^y h 

[0 02 1 ] <^««l5>9l±tf 6n/c>f>rf-y h^grT 
^=5 5 0"C$rl^aL/ct^. «B&t-3?K:J:SI^^EiS 
SSTz = 7 0 0 -etc L/ctiJI-^. 1 tm—^ 

20 i^y ^>»:7*->'^;S:^^l ilH^frrmSSO^O 

/Co 

<^life«??6>?l±tf ^n/c>r>::f t7 h*T, = 6 5 O'C 
^rP4tau/ca. »ajt-^CCj:€>|^.*n:SSigT, = 7 

oo-ctcu/tJ^Ws. HifeWli <?:i5i— ^r>r>3^ h 
^?ijicf. c(D>r>rf-:7 h*:»e>^ai$n/c->yn>»j?ai 

1 ii^— ^r-mMJoiSL/co 
<mmm7>m±i'^^tifc^>dtv h*T. = 6 5 o-c 

0 0 "ck: b /c«ii-«. 1 i m—^x ^>ay h 

30 ^?|±tf. CCD^^Vrf^:' hd>e>^ai3n/c->yr3>.i7:t: 

[0 02 2] <iiMmi>^\±^f^tifc^>::^y h^T 
x=2 5-C^rP^aL/c^. ItSjfc-^Klcfc^l^^SIS 
ST, = 6 50 'CCCL/c«?f«. IU6« 1 tm—^^X 

y=i>»^a:w%;&llig^?ili ti^— ^r^asp^L/Co 

<Jt«i^2>?l±tf 6n/c-Y>ri"-.^ h*Tx = 2 5-C* 
rP^SL/cf^. ffilE&t:-^^cJ:ei^afigT, = 8 5 
0-CCCL/cJ^Ji. *fe0«l il^— ^f{^r>r>:3':^ 

40 gi±tf. c(D>r>=f!? h;&ie>«affi$n/c->y 
^-^^mmm 1 iin-^r^jn^o/c. 

[0 0 2 3 ] <tte?e^3>?I±tf en/c-f >rf-^ h^T 
^ = 4 5 O-CSr^SL/cm. MS!?t--:$?^cJ:^^.A!i3S 

sax, = 6 5 0 'ck: L//caji-». idffew 1 ii^— ^ 
r-Y>r3 h;^gi±cf. c<D-Y>ri h^:»6^tH^n/c 
^y3>•^7x->^^*^^l iig--^ffr,m«jjn^.L/ 

/c, 

<l:b^«^fl4>5l±tf 6n/c>r>=i"->^ H*T. = 7 5 O'C 

^r^SU/cm. ffif»t-^«:j:^|^.iaaaSTz = 8 
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[0 0 24] <t:m^m>mmmi'-'7RaaMmi- 

h (Wright) if ^'Vi^^Srtf 



2 ■i7a:-/^*.l:^gl5CD^5SWt^J!|a (BMD) SfS 

[0025] 
[^1] 







m4k^ 










Ta 














CC) 


(t:) 




(/cm^) 


(pm) 


i/cm') 


(am) 




25 


700 


5 


7.6X10" 


35 


8.9X10* 


30 


2 


25 


800 


5 


5.2X10* 


35 


7.5X10' 


30 


3 


25 


800 


10 


7. 3X 10* 


25 


8-8X10' 


20 


J? 4 


450 


700 


5 


3.8X10' 


45 


4.6X10* 


40 


^ 5 


550 


700 


5 


1. 1 X iO' 


45 


2.8X10' 


40 


^ 6 


650 


700 


5 


3.3X10' 


45 


5. 3X10* 


45 


* 7 


650 


800 


5 


L 1 X 10* 


45 


4. 3X10' 


40 




25 


B50 


5 


1.2X10"' 


40 


2.2X10" 


40 


* 2 


25 


850 


5 


4- IX 10' 


0 


6.6X10' 


0 


* 3 


450 


650 


5 


6. 4X 10' 


50 


7.6X10' 


50 


ff 4 


750 


800 


5 


2.2X10' 


50 


3.7X10' 


50 



[0 0 2 3] mi:^^^mh^^t^<i:^^c. OMmir^^t^ 

mm<D^>::^v h<D^^Tr = 4bO^C. IbO'C:^)^^ 
'i>ziy hmMW^m.T^ = 6 5 0'C, 8 0 30- 
MmMfy^^ti^ti2 0 O'C. 5 0 'Ci^J&^ioAi/cas?). 

l — ST^i. 5 x 1 O'-'Q X 1 O'/cm'OiSl^BM 
D®S^»6n. T. = 6 5 0"a Tz = 7 0 0-CCD*ife 
^e-T'^i. 4 5 AtmCDtSEliDZSW#6n/Co 

[0 02 7] 40 



[02] ^M<D§|±cfM«:7-a:7r-<^U*^f 6fca?> 
[03] *^BJ&c<J;^^?L«m^^--^^:S:CK^^*--::7:,;^ 

[04] *:^|§^J:^^^>::i*'i' hcD^?LSS$m 
[05] *^HgcD?g?LM,^.i^ffi©^ftS?>'M-^Pa>' y 

[06] -eCD»i7:c-/^(D¥M0o 

[07] cf3:^^^^?LsmM^i . <i(o^^imMmmt ^ 

[08] ^<D'^:»i->^>CD^ffi0o 

[09] 5*:^?J5<D1^ y |_ht:J^McD«^0. 
[#^SiBj] 

1 1 S^-SoS 

12 ->';3>aiiffl[ 

1 3 f IJitf^lS 

14 ly')^>m^^B^lydiv V 

16 ^ 1^ >-'^* 



17 ffiftftt--^ 

1 8 MiS^o« 

1 9 iHieifi 

2 1 fc-^a? 



11 



(7) 



* 22 
23 
24 
2 6 



12 



[@2] 




V/G 




[H4] 



L8 



L6 

L4 



1.2 
1:0 
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PROBLEM TO BE SOLVED: To obtain an IG wafer which undergoes a fewer 
number of thermal treatments in a wafer state, obtains a required IG effect 
through a thermal treatment carried out at 900' C or below, and is high in IG 
performance, and to obtain a silicon single crystal ingot adapted for the IG 
wafer. 

SOLUTION: A silicon wafer which is sliced off fr*om a silicon single crystal 
ingot ground and polished, is subjected to an IG processing method where it 
is quickly heated with a temperature rise rate of 10* G/minute in the 
temperature range from a room temperature to 800 to 900** C and left to 
stand for 0.5 to 30 minutes. An ingot is pulled up from a silicon melt so as to 
be formed of a perfect region [P] where no hole defect aggregate and no 
interstitial silicon defect aggregate exist. The ingot which is pulled up fr-om a 
silicon melt, free from dislocations, and contains oxygen deposits of 1 x 106 
to 1 X 1010/cm3 is held at the temperature range from a room temperature 
to 650* C for 0 to 3 hours, then held at 700 to 800* C for 3 to 10 hours. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Rapid heating of the silicon wafer immediately after [ which carried out grinding polish ] starting 
from a silicon single crystal ingot is carried out with the above programming rate by lO-degree-C/from a 
room temperature to 800-900 degrees C. When setting to [P] the perfect field in which it is IG approach of 
the silicon wafer held for 0.5 - 30 minutes, and the floe of a hole mold point defect and the floe of the silicon 
mold point defect between grids do not exist within an ingot, Said silicon single crystal ingot is pulled up 
from silicon melt so that all fields may consist of said perfect field [P]. And IG approach of the silicon wafer 
characterized by cooling to a room temperature after holding said ingot which was able to be pulled up at 
room temperature -650 degree C temperature for 0 to 3 hours and holding at the temperature of fiirther 700- 
800 degrees C for 3 to 10 hours. 

[Claim 2] IG wafer characterized by being IG wafer made from IG approach according to claim 1 , forming 
the layer in which an oxygen sludge is not formed covering a depth of 1-100 micrometers from a wafer front 
face, and having 1x1 08 to 1x1010 oxygen sludges /of 3 cm into a part deeper than said layer. 
[Claim 3] The silicon single crystal ingot for IG wafers which is a silicon single crystal ingot which was 
able to be pulled up from silicon melt so that all fields might consist of said perfect field [P] when setting to 
[P] the perfect field in which the floe of a hole mold point defect and the floe of the silicon mold point 
defect between grids do not exist within a silicon single crystal ingot, and is characterized by including an 
oxygen sludge without rearrangement generating lxl06-lx 1010-piece [/cm ] 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of heating a silicon wafer and carrying out in 
thorin chic gettering (it being called IG intrinsic gettering and the following.) processing, in order to obtain 
the silicon wafer suitable for LSI production of DRAM etc. Furthermore, it is related with the approach of 
carrying out IG processing of the silicon single crystal ingot which was able to be pulled up with the 
Czochrlski method (henceforth a CZ process) in detail, and the silicon wafer cut down from this ingot at low 
temperature 900 degrees C or less. 
[0002] 

[Description of the Prior Art] In recent years, high integration of semiconductor devices, such as DRAM, is 
required based on fertilization of megabit memory, and much more quality improvement is demanded also 
about the silicon wafer. There is an IG approach as one approach for meeting this request. This approach is 
an approach which prevents a defect and contamination occurring to the near field on the front face of a 
wafer which makes a defect beforehand inside a silicon wafer, or adds the impurity intentionally, absorbs 
aroimd the defect which made beforehand the contamination generated on the way of [ subsequent / a 
process ], and a defect, or contamination, and makes a device. On the other hand, the heat treatment 
temperature in a device process is in a low temperature-ized inclination 1000 degrees C or less by high 
integration of a device in recent years, and low temperature-ization is strongly desired also in IG processing 
which is a last process with this low-temperature-izing. 

[0003] For this reason, the process which these people hold the silicon wafer immediately after [ which 
carried out grinding polish ] starting from a silicon single crystal ingot at 500-800 degrees C for 0.5 to 20 
hours, and introduces a precipitation-of-oxygen nucleus in a wafer. The process which carries out rapid 
heating of the silicon wafer containing this precipitation-of-oxygen nucleus, and holds it for 0.5 - 20 minutes 
from a room temperature to 800-1000 degrees C, The process which cools radiationally further the silicon 
wafer which carried out rapid heating, and which was held for 0.5-20 minutes to a room temperature, It 
proposed about IG approach including the process which heats the silicon wafer cooled radiationally to 800- 
1 100 degrees C the rate for 2-10-degree-C[ 500-700 degrees C to ]/, and is held at the temperature for 2 to 
48 hours (JP,8-45945,A). 

[0004] In this approach, if rapid heating is carried out on the above-mentioned temperature conditions, as 
well as a wafer front face, the interior of a wafer will also become below thermal equilibriimi concentration 
temporarily, the silicon atom between grids will be in a deficiency state, and a precipitation-of-oxygen 
nucleus will become the environment where it is easy to grow up to be stability. Since this silicon atom 
between grids that ran short will be compensated at coincidence and it will be in a stable state, it is begun 
inside a wafer for generation of the silicon atom between grids to take place, and to diffuse the generated 
silicon atom between grids on a wafer front face. Near the wafer front face which suited the deficiency state 
of the silicon atom between grids will be in a saturation state immediately by generation of the silicon atom 
between grids, and a precipitation-of-oxygen nucleus begins disappearance. However, in order to require a 
certain amount of time amount to spread even inside a wafer the silicon atom between grids generated on the 
wafer front face, the environment where a precipitation-of-oxygen nucleus tends to grow continues for a 
long time, so that it goes into the interior deeply from a wafer front face. Therefore, the thickness of the 
layer (henceforth DZ layer) in which a precipitation-of-oxygen nucleus, i.e., a defect, is not formed becomes 
large, so that the consistency of a precipitation-of-oxygen nucleus is so low that it is close to a wafer front 
face and this heat treatment time amount (0.5 - 20 minutes) is long. Moreover, the diffusion coefficient of 
the silicon atom between grids is so large that temperature is high in 800-1000 degrees C, and the thickness 
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of DZ layer becomes large for a short time. If it heats again to 800- 11 00 degrees C after carrying out rapid 
heating and cooling radiationally to a room temperature, the precipitation-of-oxygen nucleus inside the 
wafer survived by rapid heating will grow, and it will become an oxygen sludge, and will become a stable 
source of IG. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned IG approach needed the process 
which holds the silicon wafer immediately after carrying out grinding polish at 500-800 degrees C as 
pretreatment for generating the source of IG for 0.5 to 20 hours, and introduces a precipitation-of-oxygen 
nucleus in a wafer, and after it performed rapid heating fiirther, it needed heat treatment for growing up the 
precipitation-of-oxygen nucleus inside a wafer into an oxygen sludge. For this reason, there was fault with 
many counts of heat treatment in the condition of a wafer. There are few counts of heat treatment in the 
condition of a silicon wafer, and they end, and the purpose of this invention has them in offering IG 
approach which does the desired IG effectiveness so by heat treatment of 900 degrees C or less. Another 
purpose of tiiis invention is to offer high IG wafer of IG capacity made with this approach. Still more nearly 
another purpose of this invention is to offer the silicon sin^e crystal ingot suitable for this IG wafer. 
[0006] 

[Means for Solving the Problem] Invention concerning claim 1 carries out rapid heating of the silicon wafer 
immediately after [ which carried out grinding polish ] starting from a silicon single crystal ingot with the 
above programming rate by 1 0-degree-C/from a room temperature to 800-900 degrees C. When setting to 
[P] the perfect field in which it is IG approach of the silicon wafer held for 0.5 - 30 minutes, and the floe of 
a hole mold point defect and the floe of the silicon mold point defect between grids do not exist within an 
ingot, A silicon single crystal ingot is pulled up from silicon melt so that all fields may consist of this perfect 
field [P]. And after holding the ingot which was able to be pulled up at room temperature -650 degree C 
temperature for 0 to 3 hours and holding at the temperature of further 700-800 degrees C for 3 to 10 hours, it 
is IG approach characterized by cooling to a room temperature. If an ingot is pulled up in the condition that 
the floe of a point defect does not exist and it heat-treats on the above-mentioned conditions fijrther, 1x106 
to 1x1010 oxygen sludges /without rearrangement generating will be generated by the ingot by the 
consistency of 3 cm. For this reason, before introducing a precipitation-of-oxygen nucleus in the 
conventional wafer, a heat treatment process and the growth process of a precipitation-of-oxygen nucleus 
become uimecessary, and the high IG effectiveness is done so by carrying out rapid heating of the wafer 
immediately after [ which carried out grinding polish ] starting from an ingot on the above-mentioned 
conditions. 

[0007] Invention conceming claim 2 is IG wafer made from IG approach according to claim 1, and is an IG 
wafer which the layer (DZ layer) in which an oxygen sludge is not formed is formed covering a depth of 1- 
100 micrometers from a wafer front face, and is characterized by 1x108 to 1x1010 oxygen sludge 
consistencies /of a part deeper than this DZ layer being [ cm ] 3. The wafer which carried out IG processing 
by ttie approach conceming claim 1 has the above-mentioned property, and does the high IG effectiveness 
so. 

[0008] 

[Embodiment of the Invention] After pulling up an ingot from the silicon melt in a hot zone furnace by the 
CZ process by the predetermined pull-up rate profile based on VoronkoVs (Voronkov) theory, the silicon 
wafer of this invention slices this ingot, and is produced. Generally, when the ingot of a silicon single crystal 
is pulled up from the silicon melt in a hot zone fimiace by the CZ process, the floe (agglomerates: three- 
dimensions defect) of a point defect (point defect) and a point defect occurs as a defect in a silicon single 
crystal. A point defect has two general gestalten of a hole mold point defect and the silicon mold point 
defect between grids. A hole mold point defect secedes from one of the nonnal-[ one silicon atom / in a 
silicon crystal lattice ] locations. Such a hole becomes a hole mold point defect. On the other hand, if an 
atom is discovered in locations other than the lattice point of a silicon crystal (interstitial site), this will 
become a silicon point defect between grids. 

[0009] Generally a point defect is formed in the contact surface between silicon melt (melting silicon) and 
an ingot (solid silicon). However, it is begun by pulling up an ingot continuously to cool the part which was 
the contact surface with a pull-up. During cooling, a hole mold point defect or the silicon mold point defect 
between grids joins mutually by diffiision, and the floe (vacancy agglomerates) of a hole mold point defect 
or the floe (interstitial agglomerates) of the silicon mold point defect between grids is formed. In other 
words, floe is the three-dimensional structure which originates in the union of a point defect and is 
generated. The floe of the silicon mold point defect between grids includes the defect called LD (Interstitial- 
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type Large Dislocation) including the defect to which the floe of a hole mold point defect is called COP 
(Crystal Originated Particle), LSTD (Laser Scattering Tomograph Defects), or FPD (Flow Pattern Defects). 
COP is a pit resulting from the crystal formed in a wafer front face, when the silicon wafer after mirror 
polishing is washed with the mixed liquor of ammonia and a hydrogen peroxide. If this pit also measures a 
wafer with a particle counter, it will be detected as particle with original particle. LSTD is a source which 
has the refractive index from which silicon differs and generates the scattered light, when infrared radiation 
is irradiated in a silicon single crystal, and it is the source of the trace which presents the unique flow pattern 
which appears when chemical etching of the silicon wafer which sliced the ingot and was produced is 
carried out with the SEKO (Secco) etching reagent during 30 minutes in FPD. Moreover, LD is an invasion 
mold rearrangement, and if it is also called a rearrangement cluster or the silicon wafer which produced this 
defect is immersed in the selection etching reagent used as a principal component in fluoric acid, since it 
will produce a pit, it is also called a rearrangement pit 

[0010] When setting the temperature gradient of the contact surface of ingot-silicon melt to G (degree 
C/mm) for the pull-up rate of an ingot with V (a part for mm/), and hot zone structure, VoronkoVs theory is 
controlling V/G (a part for 2/[ mm ] -**), in order to grow up a high grade ingot with few defects. In this 
theory, as shown in drawing 1 , V/G expresses hole concentration and the silicon concentration between 
grids in graph as a fianction, and it explains that the boundary of a hole / silicon field between grids is 
determined by V/G with a wafer. While the ingot in which a hole mold point defect exists [ a V/G ratio ] 
dominantly above the critical point is formed in more detail, the ingot in which the silicon mold point defect 
between grids exists [ a V/G ratio ] dominantly below in the critical point is formed. 
[001 1] When an ingot can pull up the predetermined pull-up rate profile of this invention from the silicon 
melt in a hot zone furnace, It is more than the 1 st critical ratio (v/G) (1) to which the ratio (V/G) of a pull-up 
rate to a temperature gradient prevents generating of the floe of the silicon mold point defect between grids. 
It is decided that it is maintained below at the 2nd critical ratio (V/G) (2) which restricts the floe of a hole 
mold point defect in the field where the hole mold point defect which exists in the center of an ingot exists 
dominantly. 

[0012] The profile of this pull-up rate is slicing a criteria ingot to shaft orientations experimentally, or is 
combining these techniques, and is determined by simulation based on above-mentioned VoronkoVs theory. 
That is, this decision checks after simulation the wafer with which the ingot was sliced [ with which were 
sHced and it was shaft-orientations-sliced ], and is made by repeating simulation fiirther. Two or more kinds 
of pull-up rates are decided in the predetermined range for simulation, and two or more criteria ingots grow. 
As shown in drawing 2 , the pull-up rate profile for simulation is adjusted to low 0.5mm pull-up rate for /(c), 
and an again high pull-up rate (d) from a high 1 .2mm pull-up rate (a) like [ for /]. the above ~ a low pull-up 
rate may be less than [ 0.4mm a part for /and it ], and its linearity-thing is [ the change by the pull-up rate (b) 
and (d) ] desirable. 

[0013] Two or more criteria ingots which were able to be pulled up at a different rate are sliced by shaft 
orientations at each **. Optimal V/G is determined from the slice of shaft orientations, the check of a wafer, 
and the correlation as a result of simulation, the optimal pull-up rate profile is continuously determined, and 
an ingot is manufactured by the profile. An actual pull-up rate profile is dependent on many variables which 
are not limited to the ability of the diameter of a desired ingot, the specific hot zone fiimace used, the quality 
of silicon melt, etc. to be included. 

[0014] Drawing 3 shows the profile of the pull-up rate for growing up the ingot which has die length of 
100cm and the diameter of 200mm which were determined using simulation and association of an 
experimental technique. Here, the hot zone fumace based on the CZ process of the model name Q41 
manufactured at MITSUBISHI MATERIALS silicon Ikuno works was used. 

[0015] A pull-up rate is reduced gradually, V/G is reduced continuously, and when the sectional view of the 
ingot when raising a pull-up rate gradually again and raising V/G continuously is drawn, the fact shown in 
drawing 4 is known. The perfect field where the floe of [I] and a hole mold point defect and the floe of the 
silicon mold point defect between grids do not exist [ the field where the silicon mold point defect between 
[V] grids exists / the field where the hole mold point defect within an ingot exists dominantly / in drawing 4 
dominantly ] is shown as [P], respectively. As shown in drawing 4 , the shaft-orientations locations PI and 
P6 of an ingot include the field where a hole mold point defect exists in the center dominantly. Locations P3 
and P4 include the perfect field of the ring with which the silicon mold point defect between grids exists 
dominantly, and a center. Moreover, since the ingot of this invention is started, there is no hole mold point 
defect in the center and a part for a edge does not have a silicon mold point defect between grids, either, 
locations P2 and P5 are perfect fields altogether. 
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[001 6] The wafers Wl and W6 corresponding to two or more locations PI and P6 include the field where a 
hole mold point defect exists in the center dominantly, respectively so that clearly from drawing 4 . Wafer 
W3 and W4 include the perfect field of the ring with which the silicon mold point defect between grids 
exists dominantly, and a center. Moreover, since there is no hole mold point defect in the center and a part 
for a edge does not have a silicon mold point defect between grids, either, wafers W2 and W5 are perfect 
fields altogether. Wafers W2 and W5 slice the ingot which selected and was decided to make a perfect field 
altogether as shown in drawing 5 and which pulled up and grew by the rate profile, and are produced. 
Drawing 6 is the top view. The wafers Wl and W6 which sliced the ingot which grew by another pull-up 
rate profile, and were produced by reference are shown in drawing 7 . Drawing 8 is the top view. V/G is 
decided that all the locations P2 and P5 shown in drawing 4 consist of a perfect field [P], and the ingot of 
this invention can be pulled up with the pull-up equipment shown in drawing 9 . With this pull-up 
equipment 10, the silicon single crystal ingot 14 which pulled up fi-om the silicon melt 12 stored in the 
quartz crucible 1 1 , and was able to be pulled up with the means 1 3 is heated by the space heater 1 7 formed 
above the chamber 1 6. The quartz crucible 1 1 is supported by the graphite crucible 1 8, and rotates both 
crucibles with a revolving shaft: 19. For 21, as for a heat insulating mould and 23, a heater and 22 are [ seed 
crystal and 24 ] cooling domes. The tubed thermal shield member 26 is formed in the perimeter of the ingot 
14 which was able to be pulled up, and the radiant heat to the ingot firom a heater 21 and silicon melt 12 is 
covered. 

[0017] After being cooled by room temperature -650 degree C by the thermal shield member 26 and the 
cooling dome 24 and holding the ingot 14 which was able to be pulled up fi-om the silicon melt 12 of this 
invention at this temperature for 0 to 3 hours, it is held at 700-800 degrees C by the space heater 17 for 3 to 
10 hours. After being able to pull up in predetermined length, an ingot 14 is taken out fi-om a chamber 16 
and cooled to a room temperature. If an ingot is heat-treated in a 700-800-degree C temperature requirement 
for 3 to 10 hours, 1x106 to 1x1010 oxygen sludges (henceforth BMD (Bulk Micro Defect)) /without a 
rearrangement will be formed in an ingot by the consistency of 3 cm. Only the BMD consistency of less 
than [1x106 //cm ] three is obtained, but when rapid heating is carried out in the state of a next silicon 
wafer, it is hard to acquire sufficient IG effectiveness in less than 700 degrees C or less than 3 hours. If it 
exceeds 800 degrees C or 10 hours, respectively, even if the oxygen sludge accompanied by a rearrangement 
will exceed 1x1010 consistencies/cm of 3, will be formed and will carry out rapid heating in the state of a 
next silicon wafer, a rearrangement remains and it becomes impossible moreover, to form DZ layer in a 
wafer front face. The desirable heat treatment conditions by the space heater are 700-750 degrees C and 0 - 
1.5 hours, it is shown to JP,8-45945,A by heat treatment using this space heater - as — before rapid heating 
— the condition of a wafer ~ 500-800 degrees C — it is not necessary to hold at low temperature 
comparatively for 0,5 to 20 hours, and to introduce a precipitation-of-oxygen nucleus into high density in a 
wafer A silicon wafer is cut down from the ingot which was able to be pulled up, and after grinding is 
carried out and beveling processing is performed, mirror polishing of this wafer is carried out. 
[001 8] Although the approach of the rapid heating of this invention has the desirable approach of putting 
into the fiimace which heated the silicon wafer of the room temperature which contains an oxygen sludge 
without rearrangement generating at an above-mentioned rate in temperature of 800-900 degrees C quickly 
The approach which arranges in the high-speed heating fiimace using the lamp which can high temperature 
generate the silicon wafer of the room temperature which contains an oxygen sludge without rearrangement 
generating at an above-mentioned rate, tums on a lamp switch, and starts **♦*, and the temperature of 800- 
900 degrees C is made to heat quickly may be used. Rapid heating means heat-treating with the above 
programming rate by 30-degree-C/preferably above by 10-degree-C/here. Since a wafer can be heated to 
homogeneity when carrying out rapid heating by lamp light exposure, as compared with the case where it 
puts into the fiimace heated beforehand, the advantage of a pile, in a wafer is in curvature more. Rapid 
heating is carried out, less than 800 degrees C of disappearance of an oxygen sludge [ terminal temperature / 
reaching / near the wafer front face ] are insufficient, and DZ layer cannot fiiUy be secured. Moreover, if 900 
degrees C is exceeded, it originates in this hot heat treatment, and curvature will occur to a silicon wafer or a 
bad influence, such as becoming easy to pollute a wafer, will tend to happen. It is 850-900 degrees C 
preferably. Moreover, the time amount to which the holding time makes the oxygen sludge in a wafer front 
face reduce in less than 0.5 minutes is too short, disappearance of the oxygen sludge on the front face of a 
wafer is inadequate, and DZ layer cannot fully be secured. Moreover, if 30 minutes is exceeded, DZ layer of 
the thickness beyond the need will be obtained and the fault that productivity is low will be produced. For 
this reason, the holding time is decided in 0.5 - 30 minutes. It is 10 - 30 minutes preferably. Rapid heating is 
performed in nitrogen-gas-atmosphere mind, an oxygen ambient atmosphere, or atmospheric air. It is among 
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nitrogen-gas-atmosphere mind preferably. After this rapid heating, if a siHcon wafer is cooled radiationally 
to a room temperature, DZ layer will be formed covering a depth of 1-100 micrometers from a wafer front 
face, and IG wafer of 3 will be obtained for 1x108 to 1x1010 BMD consistencies /of a part deeper than this 
DZ layer cm. 
[0019] 

[Example] Next, the example of this invention is explained with the example of a comparison. 
Using the pull-up equipment 10 shown in <example 1> drawing 9 , an ingot overall length is a field 
corresponding to the location P2 shown in drawing 4 , and the ingot was pulled up so that V/G shown in 
drawing 1 might go into or more 1 (V/G) (V/G) two or less field. After the ingot 14 which was able to be 
pulled up lowered the temperature to Tl=25 degree C, the temperature up was carried out to T2=700 degree 
C with the upside space heater 1 7, and it held there for 5 hours. After having cut down the silicon wafer, 
carrying out grinding polish from the cooled ingot to the room temperature and performing beveling 
processing, chemical etching processing removed the damage on the front face of a wafer, and the mirror 
plane silicon wafer was obtained. After carrying out the temperature up of this mirror plane wafer and 
holding it for 5 minutes from a room temperature to 850 degrees C by part for programming-rate/of 30 
degrees C, it cooled radiationally to the room temperature. 

[0020] Except having made it heat-treatment-temperature T2=800 degree C by the <example 2> space 
heater, the ingot was pulled up on the same conditions as an example 1, and rapid heating of the silicon 
wafer cut down from this ingot was carried out on the same conditions as an example 1 . 
Except having carried out heat-treatment-temperature T2=800 degree C by the <example 3> space heater, 
and the holding time in T2 in 10 hours, the ingot was pulled up on the same conditions as an example 1 , and 
rapid heating of the silicon wafer cut down from this ingot was carried out on the same conditions as an 
example 1. 

<Example 4> After lowering the ingot which was able to be pulled up to Tl=450 degree C, except having 
made it heat-treatment-temperature T2=700 degree C by the space heater, the ingot was pulled up on the 
same conditions as an example 1 , and rapid heating of tfie silicon wafer cut down from this ingot was carried 
out on the same conditions as an example 1 . 

[0021] <Example 5> After lowering the ingot which was able to be pulled up to Tl=550 degree C, except 
having made it heat-treatment-temperature T2=700 degree C by the space heater, the ingot was pulled up on 
the same conditions as an example 1 , and rapid heating of the silicon wafer cut down from this ingot was 
carried out on the same conditions as an example 1 . 

<Example 6> After lowering the ingot which was able to be pulled up to Tl=650 degree C, except having 
made it heat-treatment-temperature T2=700 degree C by the space heater, the ingot was pulled up on the 
same conditions as an example 1 , and rapid heating of tfie silicon wafer cut down from this ingot was carried 
out on the same conditions as an example 1 . 

<Example 7> After lowering the ingot which was able to be pulled up to Tl=650 degree C, except having 
made it heat-treatment-temperature T2=800 degree C by the space heater, the ingot was pulled up on the 
same conditions as an example 1, and rapid heating of the silicon wafer cut down from this ingot was carried 
out on the same conditions as an example 1 . 

[0022] <Example 1 of a comparison> After lowering the ingot which was able to be pulled up to Tl=25 
degree C, except having made it heat-treatment-temperature T2=650 degree C by the space heater, the ingot 
was pulled up on the same conditions as an example 1 , and rapid heating of the silicon wafer cut down from 
this ingot was carried out on the same conditions as an example 1 . 

<Example 2 of a comparison> After lowering the ingot which was able to be pulled up to Tl=25 degree C, 
except having made it heat-treatment-temperature T2=850 degree C by the space heater, the ingot was 
pulled up on the same conditions as an example 1, and rapid heating of the silicon wafer cut down from this 
ingot was carried out on the same conditions as an example 1 . 

[0023] <Example 3 of a comparison> After lowering the ingot which was able to be pulled up to Tl=450 
degree C, except having made it heat-treatment-temperature T2=650 degree C by the space heater, the ingot 
was pulled up on the same conditions as an example 1, and rapid heating of the silicon wafer cut down from 
this ingot was carried out on the same conditions as an example 1 . 

<Example 4 of a comparison> After lowering the ingot which was able to be pulled up to T 1=750 degree C, 
except having made it heat-treatment-temperature T2=800 degree C by the space heater, the ingot was 
pulled up on the same conditions as an example 1 , and rapid heating of the silicon wafer cut down from this 
ingot was carried out on the same conditions as an example 1 . 

[0024] Cleavage of each silicon wafer of the <comparative-evaluation> examples 1-7 and the examples 1-4 
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of a comparison was carried out, the light (Wright) etching reagent performed selective etching for the wafer 
front face further, and near [ 1/2 ] the radius of the wafer in a depth of 250 micrometers and the oxygen 
sludge (BMD) consistency of a wafer core were measured from the width of face and the wafer front face of 
DZ layer by observation of an optical microscope. These results are shown in Table 1 . 
[0025] 
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[0026] In the example 1 of a comparison, since ingot heat treatment temperature was too as low as T2=650 
degree C, a lot of oxygen deposited and flie oxygen sludge beyond the need was generated, so that clearly 
from Table 1 . Moreover, in the example 2 of a comparison, since ingot heat treatment temperature was too 
as high as T2=850 degree C, even if the oxygen sludge accompanied by a rearrangement was generated and 
having been heat-treated in the state of the wafer, the rearrangement remained and DZ layer was not formed 
at all. Moreover, in the examples 3 and 4 of a comparison, 200 degrees C, 50 degrees C, and since it was 
few, oxygen did not fully deposit and the temperature gradient to temperature T 1=450 degree C of the ingot 
before heat treatment and 750 degrees C to ingot heat-treatment-temperature T2=650 degree C and 800 
degrees C was not set to three 108-/cm supposed that the IG effectiveness is demonstrated, respectively. The 
silicon wafer of examples 1-7 showed three 108-109-/cm by which it is presupposed that there is the IG 
effectiveness a BMD consistency to these. Especially, in the examples 1-3 heat-treated with the space heater 
from Tl=25 degree C of a room temperature, the high BMD consistency of 5x109 to 9xl09-/cm3 was 
obtained, and 45-micrometer broad DZ layer was obtained in the example 6 which are Tl=650 degree C and 
T2=700 degree C. 
[0027] 

[Effect of the Invention] As stated above, according to this invention, a silicon single crystal ingot is pulled 
up so that an ingot overall length may become a perfect field by predetermined V/G. After heat-treating this 
ingot that was able to be pulled up on condition tfiat predetermined, the wafer cut down from this ingot 800- 
900 degrees C by carrying out rapid heating at low temperature comparatively Before introducing a 
precipitation-of-oxygen nucleus in the conventional wafer, a heat treatment process and the growth process 
of a precipitation-of-oxygen nucleus become unnecessary, and the wafer immediately after [ which carried 
out grinding polish ] starting from an ingot can be used as the high wafer of IG capacity by the small count 
of heat treatment. 
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* NOTICES * 

JPO and NCIPJ are not responsible £or any 
daxnages caused by tbe use of tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 8 ] 
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10 5-U3>*tta5IJ:kf^fi5 I 18 M»«Oli 

12 v'Urt^gttt CJJ> 21 h-^' 

13 S\±\f^& I 22 «aiSf 

14 ^^jzjy^i^sk-oztyh 23 mu& 

16 ^ii-^/X 24 T^i^ 

17 «s&t-^ 25 matm 
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